Objectives: This research intends to determine how drinking behaviour, such as episodic heavy drinking, is related to cognitive performance in middle-aged and old-aged people in South Korea. Results: Individuals with problematic drinking behaviour at baseline experienced a faster decline in cognitive function than those with non-problematic drinking ( p<0.05) during 6 years of follow-up, especially among those with relatively lownormal K-MMSE score (24-26) at baseline ( p<0.05). Problematic alcohol drinking behaviour was also significantly associated with onset of severe cognitive impairment (SCI) (K-MMSE score ≤17) among those with relatively low-normal K-MMSE score (adjusted OR (aOR)=3.76, 95% CI 1.46 to 9.67). In addition, abstinence, compared with non-problematic drinking, was related to higher risk for developing SCI among men (aOR=1.62, 95% CI 1.09 to 2.39).
INTRODUCTION
Along with demographic transition, cognitive impairment is increasing globally. 2 Given that a cure for dementia and cognitive impairment has been elusive, as well as the fact of recent rising burden of the disease, there is a crucial need to identify modifiable risk factors associated with cognitive impairment.
The protective effects of light-to-moderate alcohol consumption against cognitive impairment have been widely reported [3] [4] [5] along with detrimental effects of heavy alcohol consumption. 6 While most of the findings are from western countries including Western Europe and the USA, conflicting results have been reported in other regions, such as Eastern Europe and Asian countries; for instance, no significant association between heavy alcohol consumption and cognitive impairment was observed among Eastern European adults, 7 or linear negative relationships between alcohol consumption and cognitive function were reported among South Korean adults. 8 These discrepancies between different studies may be explained not only by heterogeneity in the population but also by differences in baseline cognitive performance, differences in follow-up period
Strengths and limitations of this study
▪ This is the first study to explore the relationship between drinking behaviour, such as nonproblematic or episodic heavy drinking, and cognitive decline/impairment in an Asian population. ▪ A nationally representative prospective survey of Korean adults aged 45 years or older was used. ▪ To address the issue of reverse causation in observational studies, we limited study participants to those with normal cognitive function at baseline as well as adjusted for baseline cognitive score. ▪ Since a self-reported measure of alcohol drinking behaviour was used, it is possible for participants to under-report their drinking behaviours.
and reverse-causality, such as abstinence due to health problems. Meanwhile, since existing literature focuses on mean alcohol intake, little is known about the relationship between drinking patterns, such as alcohol use disorders, to cognitive impairment. 7 9 10 For example, a history of problematic alcohol drinking (PrAD) may not simply reflect current heavy mean alcohol consumption, 9 and in itself may be indicative of alcohol-related brain damage, metabolic changes in the brain, 11 and nutritional deficiency, 12 which result in dementia and cognitive impairment in later life. Few studies, however, have investigated the causal relationship between the history of alcohol use disorders and the risk of cognitive impairment. 7 9 10 Alcohol consumption is not unusual in South Korea (hereafter Korea). In 2010, persons aged 15 years or older drank, on average, 12.3 L of pure alcohol per year in Korea, which is almost double the worldwide consumption of 6.2 L. The levels of alcohol consumption in Korea are particularly higher among men than women (21.0 vs 3.9 L), whereas they were at 12.3 vs 2.9 L in the world's population. In addition, the prevalence of alcohol use disorders (including alcohol dependence and harmful use of alcohol) was 6.2% in Korea (10.3% for men and 2.2% for women), which was higher than worldwide prevalence of 4.1% (7.2% for men and 1.3% for women). 13 While common social and business drinking may contribute to high alcohol consumption, traditional norms against female drinking may be related to the significant gender difference.
14 Moreover, high alcohol consumption is attributable to more years of life lost in Korea. 13 In light of this context, this study intends to investigate whether/how drinking patterns such as non-problematic drinking and episodic heavy drinking play a role in the development of severe cognitive impairment (SCI), and the extent to which drinking patterns influence the decline in cognitive performance, by using a nationally representative longitudinal sample of Korean middle-aged and old-aged adults with normal cognitive function at baseline.
METHODS

Study population
Data was taken from the Korean Longitudinal Study of Aging (KLoSA), administered by the Korea Labor Institute. KLoSA is a nationally representative panel study of middle-aged and old-aged household-dwelling adults in Korea. Basing on area (urban/rural) and type of housing (apartment/ordinary housing), 1000 enumeration districts (EDs) were sampled. Approximately six households within each ED were randomly selected, which, in turn, resulted in a total of 6171 households and 10 254 individuals (aged 45 years or older) sampled at baseline (2006) . The survey has been conducted every even-numbered year, starting from 2006, thereby currently providing publicly available data with a total of four waves (2006, 2008, 2010 and 2012 15 Since anonymous KLoSA data, which is publicly available in the website (http://survey.keis.or. kr/), was used, institutional review board approval was waived for this study.
For the study, of 10 254 individuals, for whom cognitive function was assessed at baseline (2006), 7299 individuals with normal cognitive function (the Korean version of the Mini-mental state examination (K-MMSE) >23) were selected as baseline study population. 16 Individuals numbering 1763 were excluded from the fourth wave (330 due to death, 1433 due to nonresponse). Of 5536 individuals, after excluding 379 individuals with at least one missing value for independent variables used in this study, a total of 5157 respondents were investigated as our analytic sample.
Outcome measures
This study measured cognitive function by using K-MMSE scores. The MMSE is a simple instrument developed to measure global cognitive performance and help screen for dementia. The MMSE questionnaire consists of 11 items in seven categories of cognitive functions including orientation for time, orientation for place, registration of three objects, attention and calculation, recall of three words, language and visual construction. 16 17 The total score of the measure ranged from 0 to 30. The validity of the K-MMSE has been reported elsewhere. 17 The measurement defines mild cognitive impairment (MCI) as scoring 23 point or less, and SCI as scoring 17 point or less. 16 17 For this study, the onset of SCI (K-MMSE ≤17) and change in K-MMSE scores over a 6 year follow-up were employed as outcome measures.
Drinking status
Drinking behaviour was categorised into four groups: No alcohol drinking (NAD), past alcohol drinking (PaAD), non-problematic alcohol drinking (NPAD), and PrAD. We distinguished non-problematic drinking from PrAD based on the CAGE (acronym referring to four questions, see below) questionnaire, which is an assessment instrument widely used for identifying alcoholics. 18 The questionnaire includes the following questions: 'Have you ever felt you ought to Cut down on your drinking?'; 'Have people Annoyed you by criticizing your drinking?'; 'Have you ever felt bad or Guilty about your drinking?'; 'Have you ever had a drink first thing in the morning to steady your nerves or to get rid of a hangover (Eye opener)?' The respondent answering 'yes' for at least two of the CAGE questions was considered to have problematic drinking behaviour. The other drinkers answering 'yes' for one or none of the questions were defined as having NPAD behaviour. In addition, NAD indicated that a respondent never had a drink; PaAD identified that a respondent used to drink, but has quit drinking. In all analyses, NPAD was used as the reference group.
Covariates
All covariates were collected from the 2006 survey. The sociodemographic variables include age groups (45-54; 55-64 and 65 years or older); gender (female or male), marital status (married or single); educational status (elementary school, middle school, high school, or college or more); equivalised household income quartile (the poorest, second, third or the wealthiest quartile); health insurance status (the National Health Insurance or Medicaid) and living places (rural or urban). Other health behaviours, such as smoking (ever or never smokers) and physical activity (at least once a week or no) were identified as dummy variables. In addition, health status was assessed using three dummy variables as follows: chronic disease (≥1 or none), activities of daily living (ADL) (≥1 or none) and depressive symptoms based on the Center for Epidemiological Studies Depression Scale 10 scale (≥4 or <4 symptoms). 19 To address the issue of reverse causation, baseline MMSE was used as a covariate besides limiting study participants to those with normal cognitive function at baseline.
Statistical analysis
We estimated adjusted means of change in K-MMSE score and adjusted ORs (aORs) of the development of SCI by using linear regressions and logistic regressions, respectively. For each outcome, starting from model 1 adjusting age and gender, we sequentially added a set of covariates. Model 2 further adjusted for sociodemographic characteristics including marital status, educational levels, household income, health insurance status and living place, in addition to age and gender. Model 3 added health behaviours, such as exercise and smoking status, and chronic disease status in model 2. In model 4, baseline K-MMSE score, ADL and depression status were further adjusted based on model 3.
After investigating the overall association of drinking behaviour with each outcome, subgroup analyses were performed with respect to factors including baseline K-MMSE scores (24-26 as lower normal and 27-30 as higher n ormal), age (<65 years and ≥65 years), gender, education (<college and ≥college), income (<50th and ≥50th centiles), living area (urban and rural), smoking (ever and never smokers), physical activity, BMI (<25 and ≥25 kg/m 2 ) and comorbidity (0 and 1+). We applied longitudinal sampling weight for the first (2006) and fourth (2012) waves, and adjusted for design effect to correct for SEs. For all analyses, Stata (V.12.0/SE) was used, and level of significance was set as 0.05 (two-sided). Table 1 presented the baseline characteristics of the study participants, Korean adults aged 45 years or older (N=5157). The proportion of current drinkers was greater in younger age groups; 48.5%, 40.7%, 33.3% for NPAD, and 4.3%, 4.3%, 2.8% for PrAD among those aged 45-54, 55-64 and ≥65 years, respectively. The majority of men were current drinkers (NPAD 63.2%, PrAD 7.3%), while these proportions were much smaller among women (NPAD 23.5%, PrAD 0.6%).
RESULTS
Descriptive statistics
Association of drinking behaviour with change in cognitive performance Figure 1 presents the association between drinking behaviour and change in cognitive function both for all individuals and stratified by K-MMSE scores at baseline. Among all participants (N=5157), baseline drinking behaviours were statistically significantly associated with a change in cognitive function over the follow-up period. When compared with NPAD, PrAD was associated with, on average, a 1.30 point (95% CI 0.08 to 2.52) greater decline in K-MMSE score over the follow-up period in the fully adjusted model.
The magnitude of the association was even greater among individuals with normal but relatively lower K-MMSE scores at baseline (β=−3.28, 95% CI −6.14 to −0.42), while the association was not statistically significant among those with relatively higher K-MMSE scores at baseline (β=−0.51, 95% CI −1.72 to −0.69). Figure 2 presents the results from subgroup analyses for the association between drinking behaviour and change in cognitive function with respect to gender, age, income, education, BMI, smoking, physical activity, place of living and chronic disease status at baseline in our fully adjusted model. When compared to men with NPAD, men with PrAD at baseline experienced greater decline in K-MMSE score points (β=−1.54, 95% CI −2.83 to −0.25), while the association was not significant among females (β=−0.01, 95% CI −4.23 to 4.21). In addition, among individuals with at least one chronic disease at baseline, PrAD led to greater reduction in cognitive function when compared to NPAD (β=−3.57, 95% CI −6.14 to −1.00), while there was no significant evidence of association among those without chronic disease at baseline (β=0.21, 95% CI −0.73 to 1.15). Table 2 presents the association between drinking behaviour and SCI both among all individuals, and stratified by K-MMSE scores at baseline. Among all study participants (N=5157), there was no statistically significant evidence of association between types of alcohol drinking at baseline and development of SCI (K-MMSE ≤17) after the 6 year follow-up period.
Association of drinking behaviour with SCI
However, among individuals with normal but relatively low cognitive function (24≤K-MMSE score≤26) at baseline (n=1564), there was statistically significant evidence ) at baseline (n=3593), alcohol-drinking behaviours at baseline were not statistically significantly associated with SCI at follow-up. Table 3 presents the results from subgroup analyses with respect to demographic and behavioural characteristics using the fully adjusted model. When compared with NPAD, NAD showed significant positive association with SCI at follow-up among males (aOR=1.62, 95% CI 1.09 to 2.39), while the association was not significant among females (aOR=1.00, 95% CI 0.65 to 1.53). When compared with NPAD, PrAD was not significantly 
DISCUSSION
In this nationally representative cohort study, individuals having PrAD behaviour at baseline experienced faster decline in cognitive function than those with nonproblematic drinking behaviour during a 6 year follow-up period. This pattern was observed in the whole population, being more remarkable in people with relatively low-normal K-MMSE score (24) (25) (26) at baseline compared with those with high-normal K-MMSE scores (27) (28) (29) (30) . In addition, we found that a history of PrAD behaviour was significantly related to onset of SCI among individuals who had relatively low-normal cognitive function (24≤K-MMSE score≤26) at baseline. Meanwhile, non-problematic drinking, compared with abstinence, appeared to be protective against the development of SCI, and to be related to a slow decline in cognitive function among men.
Previous studies have shown inconsistent evidence of worse cognitive performance in heavy drinkers and beneficial cognitive function in moderate drinkers. Studies in the USA reported that adults with a history of alcohol use disorders at baseline suffered severe memory impairment. 9 10 By contrast, in Eastern European countries, heavy, binge, and problematic drinking at baseline were not consistently associated with cognitive function. 7 This difference may be related to difference in cognitive function at baseline or follow-up period. According to our results, while history of problematic drinking was related to faster decline in cognitive performance, people within a normal range but relatively low levels of cognitive function at baseline were at higher risk of development of SCI 6 years later. That is, while problematic drinking may be associated with faster decline in cognitive function 6 and, consequently, higher risk of cognitive impairment, the onset of SCI may not be observed in a short period.
Meanwhile, in the current study, beneficial effects of moderate non-problematic drinking were observed 
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Open Access among men, showing that abstainers, more than nonproblematic drinkers, experienced a higher risk of SCI and more rapid decline in cognitive function. While the protective effects of light-moderate alcohol intake have been reported against cognitive impairment, 20 21 those beneficial associations were sometimes observed limitedly in specific populations, such as women, but not men, and people with MCI at baseline. 3-6 22 It is unknown which factors (ie, different lifestyle or drinking practices) cause those different relationships.
Several mechanisms have been identified to be associated with the links of alcohol drinking behaviours to cognitive impairment. Compared with light to moderate non-problematic drinkers, abstinence and PrAD are associated with higher risk of vascular disease, which may increase the risk of cognitive impairment; that is, vascular dementia. 23 Problematic alcohol drinking is also directly related to abnormalities in brain morphology, regional cerebral blood flow and brain trauma. 3 24 25 Furthermore, PrAD combined with other risk factors may be more significantly tied to cognitive impairment. Chronic diseases are known to be directly and indirectly related to cognitive impairment. For example, hypertension, diabetes mellitus and hyperlipidaemia are linked to vascular damage which results in cognitive impairment; 26 27 and more directly, abnormal insulin regulation of type 2 diabetes is likely related to cognitive impairment. 27 Indeed, our results show that PrAD is more detrimental to cognitive function in an individual with chronic disease.
There are several limitations of this study. First, we used a self-reported measure of alcohol drinking behaviour. It is possible that participants under-report (or over-report) their drinking behaviours. 28 Second, longitudinal studies may have a common issue of selection bias due to differential loss to follow-up. Among 7299 participants with normal cognitive function in 2006, 71% were included in the study population, 29% were eliminated due to death, non-responses and missing values. However, the mean values of K-MMSE score at baseline did not differ between two groups (study population: mean=25.12; dropouts: mean=25.23). Therefore, the sample attrition might not have influenced our findings. Last, due to the small sample size for PrAD among women (N=17), we were able to observe only two cases of SCI among women with PrAD at baseline, resulting in a non-significant result. We should be careful in translating the findings.
Despite the limitations, there are several strengths of our present study. First, we used a nationally representative prospective survey. Therefore, the findings from our analysis might be generalisable to the population of Korean adults aged 45 years or older. Particularly, the results from subgroup analyses could provide evidence of necessities of targeted strategy for the prevention of dementia related to alcohol drinking, focusing on specific subpopulations including those with low-normal cognitive function (24≤K-MMSE≤26). Second, in order to address the issue of reverse causation in observational studies, we limited study participants to those with normal cognitive function at baseline (K-MMSE≥26), and investigated the association of drinking behaviours with the outcomes of SCI (K-MMSE≤17) and change in cognitive function over the 6 years of follow-up after adjusting for baseline K-MMSE scores as well as all other covariates. Therefore, the findings could be, to some extent, robust toward resolving the potential issue of reverse causation. Third, this study assessed the relationship between a history of alcohol use disorders and cognitive function, by employing the CAGE questionnaire which is a validated and widely used screening instrument for alcohol use disorders. 29 Furthermore, findings from this study show that the CAGE questionnaire could be used as a practical measure to identify individuals at risk of alcoholrelated cognitive impairment.
In conclusion, our prospective study shows that a history of problematic alcohol use was a risk factor for rapid cognitive decline as well as the development of SCI, while the protective effects of non-problematic drinking were observed among men. Since the associations may vary across different populations and measurements, caution should also be exercised extrapolating these conclusions. In the future, the detrimental consequences of alcohol on cognitive performance would need to be assessed from a multifactorial perspective. While further research will provide stronger evidence as well as more insight into the relationship between alcohol consumption and cognitive impairment/ decline, intervention for individuals with problematic alcohol use behaviour may play a role in prevention of cognitive impairment.
